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Abstract
The performance of the “Tracking Heavy Isotope Spectrometer
“1’elescopc for Low l+;nergies>’ (THISTLE) is being investigated LLS-
ing data from a balloon flight carried OLIt in 1993. IT:e discuss the
instrument design and shom~ examples of its opel ation. }iesults of
additional analysis will be presented at tile conference.

1. Introduction
High resolution studies of the isotopic con)position of llcavy  elements in

the galactic cosmic radiation have beerl  carried out aboard satellites over the
past two decades. These investigations have I elied on measurements of en-
ergy  loss. AE, total energy, and trajectory for nuclei st c)ppi~lg  in stacks of
silicon solid state detectors. At the present state-of-the-art. such instruments
can achieve mass resolution of ~0.2?5 amu (for iron-group nuclei) and have a
geollletrica] accePtallcc of a few, hundred cm2-ster.  With this r e so lu t i on  and

size it should be possible to stucly essentially all of the stable and long  lived
nuclides up through the iron group in the periodic tab]e.

T]lc c]ements above the iron grou])  have vcr~’ low abundances ill nature.
since these elements have binding energies per nuclec)xl  ~t.hich exceed those
of the lighter elements from w’hich they must be formed. ‘I”htts the produc-
tion of these species occurs only ili special nucleosynthetic  environments ill
which the necessary endothermic reactions art’ possible. Iiowever,  the fact
that  these “ultrahea\ry” (UH)  nuclides carry information about special sites
of nucleosynthcsis  makes them of great interest scientifically

Thus far. experiments designed to study  the composition of ultraheavy
cosmic rays have  had difficulties resolving adjacent elements, allcl no serious
attempts have yet been made to resolve UH isotopes. 10 undc]  take LTH isotope
studies  will require exposures of at least several n~2-stc I-~”ears  with sensor
systems which  arc able to achieve mass resolution <0.3 amu  for b-H elements.

In this paper we discuss our investigations of a new type of sensor system
with potential for combining excellent mass resolution \vitl] large collecting
area.

2. Instrument Description

The “lracking  Hea\’y  Isotope Spectromctcr Telescope for Lov.r Encr:ies””
(THISII.E) is a high-pressure gas  ionization cletector w.hic]l ]]rovides  n~easurc-
ments of ~E. total cnerg~r. and t rajectory for  heavy Iiuclei  tvhicb  stop in its
acti~~e volulnc. In earlier studiesl]l wc tested a small-area ])rolotype  s e n s o r,.
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system of this kind with accelerator beams of heavy ions MICI were able to
achic~re mass resolution N 0.25 to 0.35 amu for iron-group nuclei. In order to
understand the response of larger area sensors ill an actual coslnic ray environ-
ment, wc constructed the THISTLE balloon instrument shown schematically
in l’igure 1.
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Figure 1. SC}) emotlc  cross section of the THIS  TI,~,’ .sejtsoI  system.
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‘1’he main portion of the instrument consists of a gas volume which has an
entrance aperture of 1 m x 0.8 m and a sensitive depth of 1.95 m. A thin foil
cathode located along the mid-plane of the gas volume is held at a negative
high voltage (N 35 kV), while the outside of the volume is surrounded by
field-shaping electrodes designed to prc,duce a uniforn]  electl ic field parallel
to the y-direction. This field causes the ionization electrons produced by the
passage of an energetic heavy nucleus to drift to one of two outside surfaces
whic]l  arc divided into a number of anodes WhidJ  provide ~ncasurcnnent,s  of the
ionization along well defined segments of the particle’s track, ‘1’he individual
anode signals provide multiple measure~nents  of the particle energy  loss rate,
whi]c  their sum gives the total energy.

l’lle particle’s trajectory through the gas volume is measured using a set of
positioll-sensitive single-wire proportional counters ( ‘(wedge  counters”) which
sample a small segment of the ionization signs] betwce]]  adjacent chamber
anodes. The coordinate parallel to the particle track I’U) is obtainecl from a
drift time measurement based on a start signal from a scintil]at,or located above
the ionization chamber and a stop signal from the pro~)ortio]lal  counter wire,
The or thogonal  coordinate  (x) is obtained usi]ig  the divisiol]  of the charge
induced on a set of interleaved wedge-shaped electrodes by the proportional
counter ava]anche[~].

The ionization chamber is operated in a pressure VCSSC1 (w]lich  also serves
as the balloon gondola) filled with a mixture of 95Yc .Ar plus .5YL CH4 at an
absolute pressure of -1 atm, Signals from all of the se~lsors are processed by
electronics housed in a separate vessel mounted I)C1OW the ionization  chalnber.

2. Balloon Flight

With a 1-2 day balloon flight, the TIHS~’LE instrumc~lt,  can collect a
s amp le  o f  t he  mos t - abundan t  nuclides in the riingc 10 < z < 28. which is
sufllcicnt for evaluating the in-flight performance of the sensor systcm. A test
flight was carried out fronl  Lynn Lake hlanitoba. Canada on 13 August 1993.
Data were collected at a float altitude of N 4 ml)ar for a periocl  of 11 hours.

Figwre  2 shows two examples of the response of the instl ument to heavy
nuclei which stop in the sensitive volume. l’hc left two pa]lcls  of these on-line
clisplays  show the two projections of the parti(le’s  track, one  based on the
charge division measurements and the other on the drift ti]nc nlcasurements.
Signals from the two halves of the chaml)er  (separated by the cathode foil) are
indicated with different symbols, open circles fo~ the left and  fillccl circles for
the right. The right, hand panel is a h]stograll”J of the ionizatio~l  charge per
unit length collected from the anode plates. The signals frolll  the left half of
the chamber are shown with grey  bars and those from the right half are shown
with black.  l’hc bars are scaled so that the Il]aximum anode pulse  height
(indicated above the plots) is at full scale. This graph is ess<:lltially  a plot of
the particle’s Bragg curve. with ionization density increasing; as the particle
slo~rs dow~~l  while traversilig gas  volume,
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Tllcrescarcll  descr ibed ill t}lis paper wass[ll)ported  bv t}]e  National  .kerona{ltics
a~ld Space  .4drlli]listrat  io11 at tile .Jet P1oplllsio~]  L a b o r a t o r y  of t}le Califor~)ia  I~lsti-
tlite of Tecl)]lology, Tile T H I S T L E  i~]stl-\lllIellt  uas desigl)ed  arid colwtructed  at t}ie
U1livcrsity  of Chicago ajld we are pleased to acknowledge the contributions of the
CllicagogIollp.  especial}, Peter Lleyer. Gary Kelderllot]se.  Skip .JolIIlso~l. Bill Iiollis.
a)ld Briall  I,y]lcl],
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